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Results
Future Work
• Laser Particle Size (LPS) analysis would likely reveal a 
stronger correlation between heavy metal concentration and 
percent fine-grained sediment than exists between metal 
concentration and distance from stream center.
• Comparison of current and historic heavy metal 
concentrations will provide insight to the effectiveness  of 
technology, policy and regulation change.
Study Site
The Tijuana River National Estuarine Research Reserve is located in San 
Diego, CA. The reserve encompasses important habitats including beach, 
dune, mudflat, salt marsh, riparian, coastal sage scrub, and upland habitat
Methods
• Sediment samples were collected along each of 10 transects in the east, 
south, north, and main regions.
• Transects stretched from bank to bank and sediment samples were 
collected from the flood plain, channel edge, and water channel.
Conclusions
• ArcGIS Kriging interpolation revealed concentrations tend to 
be highest along the north arm of the estuary and lowest 
along the southern arm.
• Highest concentrations on floodplain due to geomorphic 
processes:
§ Fine sediments that metals cling to are deposited on 
floodplain during flooding events (Liu et al., 2016).
§ Lower concentrations in channels because deposits 
likely have lower proportion of fine sediments due to 
higher energy and faster flow velocity.
• South: Weak correlation between Cr concentrations and 
distance from stream center with an r-squared value of 
0.4807, meaning that distance from stream center is likely 
not the most important variable in determining heavy metal 
concentrations. 
• All transects: correlation between Cr concentration and 
distance become insignificant (Table 1). At different points 
along the floodplain, the correlation may be different.
• Variable concentration likely due to tidal ebb and flow of 
estuarine ecosystems, resulting in variable strength floods 
that deposit metals at various distances.
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Background and Objectives
• Estuaries are important ecosystems that provide habitat for a number of 
sensitive flora and fauna species (Weis et al., 2014).
• Metals can impact the health of estuarine environments (Sun et al., 
2014). 
• Chromium, Mercury, and Arsenic can have an especially harmful impact 
on estuaries when found in high concentrations (Khan et al., 2014).
• Changes in metal concentrations over time can help understand human 
influence on estuarine ecosystems.
• This study aims to analyze the concentrations and spatial distribution of 
heavy metals in the Tijuana Estuary
• Hypothesis: Metal concentrations will be lowest near the stream center 
and highest on the floodplain due to the distribution of fine-grained 
sediment particles.
Kriging interpolation maps for concentration (ppm) of Mercury (Hg) and Arsenic (As) in Tijuana Estuary
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Figure 1: Study area map of 
Tijuana River Estuary.
Figure 2: Kriging interpolation for 
concentration of Hg (left) and As (right). 
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and distance from 
stream center in 
the South with an 
r-squared value of 
0.4807.
Table 1: Distance 
from stream center 
is significantly 
correlated to metal 








Cu with all other 
sampled metals.
Located adjacent to San
Diego, Imperial Beach, 
and Tijuana. The estuary 
provides habitat for a 
number of sensitive 
species including the 
clapper rail and least 
tern. Sites were chosen 
for location across the 
estuary, accessibility, & 
avoiding areas used for 
clapper rail nesting.
• Dried, homogenized, 
and ran samples in 
triplicate through
the XRF according to  
standard procedure. 
• XRF data were analyzed, 
graphed, and tested for 
significance using Pearson 
correlation method in Excel 
16.16.4
• Spatial analyses including 
Kriging interpolation 
analysis were run using
ArcGIS 10.4 software.
